In the present work we investigate the applicability of LDA+U method in understanding the electronic and magnetic properties of a geometrically frustrated ZnV 2 O 4 compound where delicate balance of electron, lattice, orbital and spin interactions plays an important role in deciding its physical properties. In the ferromagnetic phase only one type of orbital solution is found to exist in all range of U studied here. However, in the antiferromagnetic (AFM) phase two types of 
I. INTRODUCTION
Theoretically it has always been a challenging task to know the true ground state of a correlated electron system. The task becomes more daunting when the system possesses various competing interactions. The density functional theory (DFT) has been remain one of the prominent theoretical tool to study the ground state properties of various materials.
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The ground state properties of the metallic and semiconducting systems are normally described by considering local density approximation (LDA) or generalized gradient approximation (GGA) exchange correlation functional [5] [6] [7] . For strongly correlated systems they are described by adding orbital dependent Hartree-Fock (HF) potential to the LDA/GGA functional which is known as LDA+U /GGA+U approximation. [8] [9] [10] [11] In this approximation one has to deal with the double counting (DC) of the correlated electrons. In this situation the best way is to identify and subtract the mean-field-part of the HF potential. Czyżyk and Sawatzky proposed a scheme that is applicable for the weakly correlated system which is known as around mean field (AMF) DC scheme. 12 For strongly correlated systems AMF DC scheme may not be valid. In these systems one can prefer the fully localized (FL) DC scheme, where the average effect for localized states is subtracted with integer occupation number. 9, 11 It is also well known that LDA+U calculation often converge to the local minima and hence it may predict the wrong ground state of the system. [13] [14] [15] [16] In order to know the magnetic ground state of a system one has to compare the energy of various spin configurations. If no constraint is applied to the moments of the magnetic ions, it has normally been seen that the magnetic moment (MM) inside the muffin-tin sphere of ferromagnetic (FM) and antiferromagnetic (AFM) solutions are slightly different. In such a situation, a small change in the MM may predict the wrong ground state of the system where several kinds of competing interactions among various degrees of freedom play an important role in deciding its electronic and magnetic properties. orbitals, V ions become Jahn-Teller active and hence one expects its effect on the structure.
Many groups proposed that the orbital ordering is the key factor responsible for low temperature structural transitions observed in these compounds. [22] [23] [24] 26, 33 Due to this structural transition geometrical frustration gets relaxed and hence these compounds show magnetic transitions. However, the non-coincidence of the structural and magnetic transitions also suggests the presence of certain degree of geometrical frustration in these compounds. The experimentally observed values of the magnetic moments in these compounds are found to be much smaller than the expected value of 2 µ B , which has been attributed either to the presence of large but negative value of orbital momentum or to the activeness of geometrical frustration. 21, [27] [28] [29] [30] These discussions clearly show that the structural, electronic and magnetic properties of these compounds are decided by the complex interplay of the electronic, lattice, spin and orbital degrees of freedom.
Most of the theoretical studied carried out on these compounds are based on model calculations which are fully parameter dependent. There are very few LDA+U based first principles studies available in the literature. In spite of the wide applicability of this method in studying the ground state properties of correlated electron system, there is no systematic studies available in the literature which show applicability of the LDA+U in predicting the experimentally observed ground state of these complex oxides. In this work we have made such an attempt on ZnV 2 O 4 which is the most studied compound among the spinel vanadates. The experimentally observed magnetic structure of ZnV 2 O 4 is AFM. The crystal structure of the compound consists of edge sharing octahedra both along the a and b-axes. Along these directions spins are antiferromagnetically aligned having sequences ↑↓↑↓, whereas they are ferromagnetically aligned along c-axis. 
II. COMPUTATIONAL DETAIL
The FM and AFM calculations of ZnV 2 O 4 have been carried out by using the state-of-theart full-potential linearized augmented plane wave (FP-LAPW) method. 35 The calculations are carried out in the tetragonal phase. The lattice parameters and atomic positions are taken from the literature. 21 Perdew -Wang/Ceperley -Alder exchange correlation functional is used in the calculation. 7 The effect of on-site Coulomb interaction among V 3d electrons is considered within LDA+U formulation of the density functional theory. 11 FL and AMF DC schemes have been considered in both FM and AFM calculations. 9, 12 In this method U is used as a parameter. To explain the electronic and magnetic properties of the compound, we have varied U from 0-6 eV. The muffin-tin sphere radii used in the calculations are 2.0, 2.0 and 1.54 Bohr for Zn, V and O, respectively. (6,6,6) k-point mesh size is used. Convergence target of total energy was achieved below 10 −4 Hartrees/cell.
III. RESULT AND DISCUSSION
First of all we study the applicability of unconstrained LDA+U calculations in predicting the experimentally observed ground state of ZnV 2 O 4 compound for a wide parameter range.
The FM and AFM solutions corresponding to both DC schemes were obtained by varying U from 0 to 6 eV where U =0 provides simple LDA solution. For both the DC schemes and for all values of U , only one type of orbital solution (OS) exists in the FM state of the compound.
For U ≤3 eV only one OS exists in the AFM state, which is similar to that observed in FM state. However, for U ≥4 eV two type of OS exist which are denoted by OS1 and OS2. Here, OS1 is similar to that obtained in the FM state. From here onward AFM structure with two orbital solutions OS1 and OS2 are denoted by AFM(OS1) and AFM(OS2), respectively.
The nature of both the orbital solutions is explained later in the manuscript. The unit cell of ZnV 2 O 4 contains eight V atoms which are structurally equivalent as shown in the Fig. 1 . However, all the eight V atoms are not orbitally equivalent. According to the orbital occupancy, these V atoms can be divided into two groups containing (V1,V2,V5,V6) and (V3,V4,V7,V8) atoms, and mainly occupying the d xz and d yz orbitals, respectively. In order to know the magnetic ground state of the compound we have compared the total energy of FM and AFM solutions for all values of U studied here. The energy difference ∆E=E AF M -E F M corresponds to both the DC schemes with varying U is plotted in Fig. 2 ,
It is evident from Fig. 2(a) In order to verify the above conjecture, we have performed the constrained calculations where the magnitude of the MM of each V atoms is kept fixed for every type of solutions.
The comparison of energy obtained from these calculations are shown in Fig. 3 where
It is clear from Fig. 3 (a) that AMF DC scheme provides correct AFM ground state for all values of U studied here whereas FL DC scheme predicts AFM(OS1) ground state for U 4 eV. Above U =4 eV, FL DC scheme gives FM ground state which is not as per experimental results. Interestingly, both the DC schemes predicts AFM(OS2) as a ground state which is evident from Fig. 3(b) . These results clearly show the drastic improvement in predicting the AFM ground state of the compound when constraint on the magnetic moments of V atoms is invoked.
As mentioned above, for U ≥4 eV, two orbital solutions OS1 and OS2 exit in the AFM phase of the compound. In order to know the true ground state of the compound for U ≥4 eV we have calculated ∆E=E AF M (OS2) -E AF M (OS1) . The ∆E vs U plot for both the DC schemes are shown in Fig. 4 . This graph clearly shows that the AFM(OS2) is the true ground state of the compound as we got large but negative values of ∆E for U ≥4 eV. Moreover, ∆E decreases continuously with increase in U from 4-6 eV. The decrease in the ∆E with increasing U gives rise to more stability to the OS2 as compared to OS1.
Thus present work clearly shows the capability of both the DC schemes in predicting the experimentally observed AFM ground state on invoking the constraint calculations. This work also suggests that for U ≤3 eV AFM(OS1) is the ground state whereas for U ≥4 eV AFM(OS2) is the true ground state of the system. Table II . First of all we consider OS1 solution.
It is evident from the table that the total number of d electrons show small U dependence withing FL DC scheme as its value decreases from 2.48 to 2.42 with increasing U whereas AMF DC scheme do not provide any U dependence to the total number of d electrons. varying U for fully localized and around mean field (in brackets) double counting schemes. 
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